A 25% reduction in breast cancer mortality by the year 2000 among women invited for screening was set as a target for the Health of the Nation strategy in England (Department of Health, 1992) . This reduction is unlikely to be reached by a reduction in the incidence of breast cancer, because incidence at ages 45-74 is still rising (Coleman et al., 1993) and the major risk factors so far identified for breast cancer, such as nulliparity, late age at first birth and late age at menopause (Kelsey et al.. 1993) , are not amenable to intervention. Improvement in survival is a more promising approach to the reduction of breast cancer mortality: this is the focus of the National Breast Screening Programme (Chamberlain et al., 1993a) . Considerations of equity would require different socioeconomic groups of patients to have equal chances of survival from breast cancer (Expert Advisory Group on Cancer. 1994) . It is therefore important to monitor any socioeconomic variation in breast cancer survival and if possible to determine its causes.
Socioeconomic variation in breast cancer survival has been reported from Finland, Sweden, England and Wales, Scotland, the USA and Australia, using either individual (VAger6 and Persson. 1987; Karjalainen and Pukkala, 1990; Kogevinas et al.. 1991) or area-based measures (Dayal et al., 1982 : Bonett et al.. 1984 Bassett and Krieger, 1986; Anssell et al., 1993 : Carnon et al.. 1994 ) of socioeconomic status. These studies have shown that breast cancer patients from higher socioeconomic groups have higher survival rates, except for the English study, which found a weak reverse gradient (Kogevinas et al.. 1991) .
We studied variation in breast cancer survival between categories of deprivation in the area covered by the South Thames Regional Health Authority (RHA). which includes London south of the River Thames and the counties of Kent. Surrey and Sussex. with a population around 6.5 million. We examined the influence of several prognostic factors on this variation, and evaluated the potential effect on mortality of eliminating any gradient in survival by category of deprivation.
Patients and methods

Data source and patients
Data for this study came from the Thames Cancer Registry, a population-based cancer registry covering a population of 14.1 million people in south-east England. The Registry has been operating continuously since 1960, covering the territory of what is now South Thames RHA until 1984. Coverage was extended to the territory of North Thames RHA in 1985, but because we analysed survival for women diagnosed from 1980, only women resident in South Thames RHA were included. The methods and data quality indices of the Registry have been described (Skeet. 1991; Thames Cancer Registry, 1994 ) and incidence for the 1980s reported (Skeet et al., 1987; Thames Cancer Registry. 1992a,b; Chamberlain et alt, 1993b (Chouillet et al.. 1994) (Payne. 1985) . The measure of outcome was the hazard ratio. which expresses the probability of death for a specific category of patients relative to a referent category with probability of death defined as unity.
The basic model included the duration of follow-up (up to 5 and 6-13 years) and deprivation category: prognostic factors were added as categorical variables in a fixed order; first. period of diagnosis. then factors considered to be intermediate in any association between deprivation and survival.
namely stage at diagnosis. morphology and type of treatment. The improvement in fit of the model obtained from each additional prognostic factor was tested for statistical significance at the 5% level using the chi-square distribution for the reduction in deviance from the preceding model with the corresponding difference in degrees of freedom. The statistical significance of the trend in the hazard ratio across depnrvation categories was tested by examining the effect of adding deprivation category to the model as a continuous variable.
Mortality reduction
We estimated the reduction in mortality 5 years after breast cancer diagnosis which might be achieved if any socioeconomic gradient in survival were eliminated. In order to obtain the number of deaths that would have been expected if all women had experienced the survival of the most affluent group. cumulative (crude) death rates at 5 years were calculated for each 5 year age group in the most affluent patient category and applied to the numbers of women in the corresponding age group in the other deprivation categories. The potential reduction in mortality was calculated for the age groups 30-64 and 65-99 and for each deprivation category. as both the absolute and the percentage difference between observed and expected deaths. A similar calculation was done for the age group 50-69 years. which will be monitored for breast cancer mortality in relation to the national Breast Screening Programme (Department of Health. 1993) .
Results
A third (34%) of the women with breast cancer lived in the 32.9% of areas categorised to the most affluent quintile of the Carstairs Index. while only 6% lived in the 8.9% of areas categorised as the most deprived (Table I ). These distributions reflect both the relative affluence of South Thames within Great Britain and the higher incidence of breast cancer in more affluent women. while neither morphology nor type of treatment had any substantial influence on the hazard ratios (models 4 and 5). In the final model, including duration of follow-up, period of diagnosis, stage, morphology and type of treatment, the gradient in survival across deprivation categories was still apparent, with a 36% excess hazard of death in the most deprived category. For women aged 65 years and over, the gradient of hazard ratio by deprivation category was more marked, especially for the most deprived category (hazard ratio 1.69; model 1). Adjustment for stage at diagnosis reduced the gradient (model 3), while adjustment for morphology (model 4) had little effect. Adjusting for the type of treatment (model 5) mainly reduced the hazrd in the most deprived group; in this model, inclding the same variables as for younger women, the socioeconomic gradient in survival was also still apparent, with a similar 34% excess hazard of death in the most deprived category.
For both age groups and in each model, addition of each prognostic factor signicantly improved the fit over that of the preceding model, and the trend in hazard ratio across deprivation categories was statistically significnt (two-sided P-value<0.00001 in each case). Finer subdivision of period of diagnosis and follow-up time did not alter the results in either of the age groups.
Of the 12 911 deaths that occurred within 5 years of breast cancer diagosis, 960 (7.4%) might have been avoided if all women had experienced the survival of the most affluent category (Table VI) . There was a higher percentage of potentially avoidable deaths in the more depnved categoris: 6.5%, affluent areas during the entire 13 year follow-up period and at all ages, but the gradient in survival across deprivation categories was steeper for older women (65 -99 years). The hazard ratio for the most deprived category was 1.35 for younger women and 1.69 for older women, but after adjustment for calendar period of diagnosis, stage at diagnosis, morphology and type of treatment, the excess hazard was still about 35% for both age groups. Four methodological issues affect the interpretation of these results. First. the area-based measure of deprivation used here (Carstairs Index) is a proxy measure for the deprivation of individual breast cancer patients at the time of diagnosis, and therefore the gradient in survival by deprivation might be underestimated. However, this measure has been shown to have a stronger association with mortality than social class based on occupation, while there are many problems with measuring social class based on occupation, especially for women (Carstairs and Morris, 1989 Our results are similar to those from other studies in which survival differences between socioeconomic groups persisted after correction for the data available on stage at diagnosis (Dayal et al., 1982; Bassett and Krieger. 1986; Karjalainen and Pukkala, 1990 We conclude that a gradient in breast cancer survival according to deprivation still existed after adjustment for stage at diagnosis, morphology and broad category of treatment. Other factors might be responsible for the observed gradient in breast cancer survival by deprivation category, such as a poorer host resistance among the deprived patients, which could be related to more co-morbidity, an adverse nutritional status, less social support and negative psychological factors, such as a lesser ability to cope with a cancer diagnosis. Aspects of the health care system which might be D ivai and breast cancer suvia CTM Schnjvers et al V 7A'2 related to the lower survival of the lower socioeconomic groups are, apart from the type of treatment, adverse hospital referral patterns, the lower quality or appropriateness of treatment and worse compliance with treatment in these groups of patients. For most of these factors. however, information is not available from cancer registry records, and other approaches will be required to study their impact. Preliminary results from a study in our territory of breast cancer patients aged less than 50 suggest that survival was significantly affected by the use of adjuvant therapy (Wolfe et al., 1993) . Hospital referral patterns are being examined.
The Health of the Nation target for breast cancer envisages a 25% reduction in breast cancer mortality among women aged 50-69 by the year 2000. Improving the survival of breast cancer patients living in less affluent areas would make a substantial contribution to this target. In women aged 50-69 years the overall reduction would have been over 10% 5 years after diagnosis. Our results suggest that one way of achieving this improvement would be to focus on socioeconomic differences in stage at presentation in older women. In younger women, other factors, so far unidentified, are responsible for the socioeconomic gradient in breast cancer survival.
